Five microsatellite loci were used to determine paternities in six Apis mellifera colonies headed by naturally mated queens. The last inseminating males were identified by collecting and genotyping the mating sign left in the genital tract of each queen. Significant differences in paternity frequencies were observed between males, but the proportion of worker and queen offspring sired by the last inseminating drone did not differ significantly from those of other drones. Each male kept his rank of precedence for the different cohorts, although the variance in subfamily proportions decreased over time, most notably in the colony displaying the lowest level of polyandry. These results suggest that, if sperm competition exists in the honeybee, it does not significantly increase the fitness of the last inseminating drone. The spermatozoa of the different inseminating drones are not totally mixed before they reach the spermatheca, in particular when only few males mate with the queen. The weak difference in the subfamily proportions observed between queen and worker samples confirms that nepotistic interactions are rare. 
Five microsatellite loci were used to determine paternities in six Apis mellifera colonies headed by naturally mated queens. The last inseminating males were identified by collecting and genotyping the mating sign left in the genital tract of each queen. Significant differences in paternity frequencies were observed between males, but the proportion of worker and queen offspring sired by the last inseminating drone did not differ significantly from those of other drones. Each male kept his rank of precedence for the different cohorts, although the variance in subfamily proportions decreased over time, most notably in the colony displaying the lowest level of polyandry. These results suggest that, if sperm competition exists in the honeybee, it does not significantly increase the fitness of the last inseminating drone. The spermatozoa of the different inseminating drones are not totally mixed before they reach the spermatheca, in particular when only few males mate with the queen. The weak difference in the subfamily proportions observed between queen and worker samples confirms that nepotistic interactions are rare. Studies of mating systems and reproductive altruism have played major roles in testing Darwinian and Hamiltonian theories of natural, sexual and kin selection (Keller 1999) . In social insects, most studies have focused on kin selection and sociobiological questions. Comparatively few have dealt with sexual selection in spite of the explicit links between sexual selection and sociobiology, in particular concerning the sex allocation problem (Tsuji 1996) .
The honeybee, Apis mellifera, provides one of the best models to study sexual competition in social insects because its reproductive biology is well known. During the mating period, drones outnumber virgin queens by a factor of 20 (Page & Metcalf 1984) . Queens mate early in life during one to three mating flights (Woyke 1964) with several drones (Estoup et al. 1994) . Copulation occurs in mating assemblies, or drone congregation areas, 15-40 m above the ground (Ruttner 1956 ). The queen becomes receptive to drones after opening her sting chamber and copulations follow one another every 2 s (Koeniger et al. 1979) . Each drone injects into the median and lateral oviducts of the queen 6-12 million spermatozoa (Woyke 1960; Kerr et al. 1962) . Each mating ends with the death of the drone. He drops to the ground leaving secretions and parts of his reproductive organs (mating sign) in the genital tract of the queen, which are removed by the following drone (Koeniger 1984) . After the mating flights, the queen goes back to her natal hive where the workers remove the mating sign of the last inseminating drone. She expels around 95% of the sperm accumulated in her oviducts. About 5.5 million spermatozoa finally move to the spermatheca (Gessner & Ruttner 1977) by active and passive mechanisms over a period of up to 40 h (Woyke 1983). These spermatozoa remain viable in the spermatheca for the entire egg-laying life of the queen (up to 5 years).
Mating assemblies increase competition among males and favour female mate choice (Höglund & Alatalo 1995) . The chase of the virgin queen by a swarm of drones illustrates this competition (Gary 1963; Gries & Koeniger 1996) . Furthermore, the mating sign could be a residual mating plug intended to prevent fertilization by additional drones, as in other members of the Apinae (Engels & Imperatriz-Fonseca 1990; Baer et al. 2000) , or to avoid sperm expulsion by the queen (Woyciechowski et al. 1994 
